nonenzymatic oxidation of both 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocholine (PAPC) and cholesteryl linoleate. On a molar basis 13(S)-HPODE and 15(S)-HPETE were approximately two orders of magnitude greater in potency than hydrogen peroxide in causing the formation of oxidized phospholipids from PAPC. Purified paraoxonase inhibited the biologic activity of these oxidized phospholipids. HDL from 10 of 10 normolipidemic patients with coronary artery disease failed to inhibit LDL oxidation and failed to inhibit MCP-1 production, whereas HDL from 10 of 10 ageand sex-matched control subjects did. It was concluded that 1) mildly oxidized LDL is formed in three steps, one of which involves 12-LO and each of which can be inhibited by normal HDL, and 2) HDL from at least some coronary artery disease patients with normal blood lipid levels is defective both in its ability to prevent LDL oxidation and in its ability to inhibit the biologic activity of oxidized PAPC (11) .
Using a cell based assay to select apoA-I mimetic peptidesGarber et al. (12) reported that HDL from mice fed an atherogenic diet and treated with vehicle or treated with injections of mouse apoA-I had dysfunctional HDL in the cell based assay described above (9 -11) . In contrast, mice treated with an apo A-I mimetic peptide (5F) had anti-inflammatory HDL and a reduction in atherosclerotic lesion area. Thus, this assay appeared to have the potential to predict the response of mice to diet induced atherosclerosis.
This cell based assay was also used by Datta et al. (13) to select peptides for testing in mouse models. Datta et al. studied a series of peptides all of which bound nonoxidized lipids with equal high affinity. They found that the prototypic class A amphipathic helical peptide 2F and the peptides 3F 3 , 3F 14 and 7F were relatively ineffective in preventing LDL-induced MCP-1 production in the cell based assay. In contrast, peptides 4F, 5F, and 6F were highly effective. While the peptide 5F inhibited lesion formation in mice (12) , the prototypic peptide 2F did not (13) . To eliminate the possibility that variation in the number of phenylalanine residues on the hydrophobic face was the major determinant of activity, peptides with three phenylalanines on the hydrophobic face were compared for their ability to bind non-oxidized lipids and were also compared in the cell based assay (15) . 3F-2 but not 3F 3 or 3F 14 was found to be effective in the cell based assay although the binding affinity for non-oxidized lipids was found to be similar for all of the peptides (15) .
Subsequently, Handattu et al. demonstrated that 3F-2 reduced atherosclerotic lesions in apoE null mice whereas 3F 14 did not (16) .
HDL as a means of predicting risk and assessing response to treatmentNavab et al. (17) reported that HDL from 27 patients with documented coronary heart disease (CHD) failed to inhibit LDL-induced MCP-1 production, while HDL taken from 31 age and gender matched healthy volunteers did (17) . Ansell et al. (18) studied a group of 26 patients with CHD or CHD equivalents. Blood was taken from these individuals prior to and after six weeks of treatment with simvastatin. HDL was isolated from these individuals and studied in the cell based assay (18) . The values obtained with LDL plus the test HDL were divided by the values obtained with LDL alone to give the HDL-inflammatory index (HII). Thus, LDL alone would give an HII of 1.0. Proinflammatory HDL was defined by an HII value ≥ 1.0 and anti-inflammatory HDL was defined by an HII value < 1.0. Prior to treatment the HII values for the CHD patients was 1.38 ± 0.91 versus the controls whose HII values were 0.38 ± 0.14. After six weeks of simvastatin treatment the CHD patients' HII values declined to 1.08 ± 0.71. Navab et al. (19) reported that inbred strains of mice that are susceptible to atherosclerosis all had pro-inflammatory HDL as assessed by the cell based assay while inbred strains of mice that are resistant to atherosclerosis all had anti-inflammatory HDL. They also reported that HDL from human subjects with pro-inflammatory HDL by the cell based assay was less effective in promoting cholesterol efflux from cholesterol loaded human monocyte-macrophages in vitro than HDL from human subjects with antiinflammatory HDL (19) . Cruz et al. (20) reported similar findings (i.e. pro-inflammatory HDL in patients with leprosy was less effective in promoting cholesterol efflux from macrophages). Cruz et al. (20) also reported that pro-inflammatory HDL from leprosy patients was much less effective in promoting the conversion of monocytes into CD1b + dendritic cells.
In cholesterol-fed rabbits Van Lenten et al. (21) observed that HDL-cholesterol levels did not predict response to treatment with apoA-I mimetic peptides. In contrast, HII values significantly predicted lesion area. Lesion area was also predicted by serum amyloid A levels. Moreover, serum amyloid A levels and HII values were significantly correlated (21).
Bloedon et al. (22) found that 75% of patients with CHD or CHD equivalents all of whom were on a statin had pro-inflammatory HDL as determined with the cell based assay. Administration of a single oral dose of an apoA-I mimetic peptide resulted in low plasma levels (~ 4 nM) but was associated with a significant improvement in HII values compared to placebo (22) .
HDL inflammatory properties in chronic diseases which are associated with an increased risk of atherosclerosis or with vascular dysfunction-
Women with systemic lupus erythematosus (SLE) have a 7 -50-fold increased risk of CHD. McMahon et al. (23) found that 44.7% of women with SLE and 20.1% of women with rheumatoid arthritis had pro-inflammatory HDL despite normal HDLcholesterol levels. In contrast only 4.1% of healthy women had pro-inflammatory HDL (23) .
Charles-Schoeman et al. (24) reported that administration of 80 mg/day of atorvastatin to patients with rheumatoid arthritis resulted in a significant improvement in HDL inflammatory properties while those receiving placebo had a significant worsening after 12 weeks of treatment.
Roberts et al. (25) reported that the HDL inflammatory index improved in obese men with features of the metabolic syndrome despite a fall in HDL-cholesterol levels following a 3 week residential program which included diet and daily aerobic exercise.
Opole et al. (26) found that HDL inflammatory properties significantly improved following LDL apheresis in patients with familial hypercholesterolemia despite a decrease in HDL-cholesterol. Dodani et al. (27) reported that the HDL inflammatory index was correlated with carotid intima media thickness in South Asian immigrants. Kalantar-Zadeh et al. (28) randomly selected 189 patients with chronic kidney disease that were on hemodialysis and followed them prospectively for 30 months. Subjects with pro-inflammatory HDL had significantly more co-morbid conditions and a worse quality of life as determined by SF36 questionnaires. Thirty months after determination of the HDL-inflammatory index patients with pro-inflammatory HDL had a significantly worse outcome as determined by Kaplan-Meier curves adjusted for case-mix variables as compared to patients with antiinflammatory HDL (28) . There was no significant difference in total cholesterol levels, LDL-cholesterol levels, HDL-cholesterol levels or triglyceride levels between the subjects with pro-inflammatory HDL and those with anti-inflammatory HDL (28) .
van Leuven et al. (29) reported that patients with Crohn's disease had dysfunctional HDL and increased carotid intima-media thickness.
Weihrauch et al. (30) reported that HDL from patients with scleroderma and from mice with many features of human scleroderma was pro-inflammatory. In the mouse model treatment with an apoA-I mimetic peptide improved the anti-inflammatory properties of the HDL and also improved a number of the scleroderma-like features in these mice (30) .
HDL function versus HDL-cholesterol levels-
The studies reviewed above show that HDL inflammatory properties and the ability of HDL to promote cholesterol efflux from macrophages or to promote macrophage conversion to dendritic cells are correlated. Additionally, these studies show that HDL inflammatory properties are correlated with serum amyloid A levels and atherosclerotic lesion area in cholesterol-fed rabbits. However, none of these properties correlated with HDL-cholesterol levels in either animals or humans. Bhattacharyya et al. (31) reported that patients with CHD had significantly lower levels of HDL-cholesterol than normal controls but there was considerable overlap. The PON1 genotype predicted a dose-dependent association with PON1 activity and with levels of systemic indices of oxidative stress measured as HETEs and HODEs and 8-isoPGF2α levels. The adjusted hazard ratios for major adverse cardiac events between the highest and lowest PON1 activity quartiles were independent predictors of events by multivariate analysis (31).
Wu et al. (32) reported that in the structure of apoA-I, tyrosine 166 is a preferred target for site-specific oxidative modification and this site directly interacts with and activates LCAT. Nicholls, Zheng and Hazen (33) reported that myeloperoxidase preferentially associates with HDL causing oxidative damage to apoA-I which results in a loss in the ability of HDL to promote cholesterol efflux. Vaisar et al. (34) used shotgun proteomics to demonstrate that HDL in patients with CHD is enriched in apoE and in acute phase proteins. Subsequently, Green et al. (35) demonstrated that treatment with a statin and niacin decreased the apoE content of HDL and restored the proteome of HDL to resemble more closely that of healthy subjects.
Navab et al. (36) reported that injection of oxidized phospholipids into atherosclerosis susceptible C57BL/6J mice (but not in atherosclerosis resistant C3H/HeJ mice) resulted in a decrease in PON1 activity. Forte et al. (37) reported that mouse models of atherosclerosis have elevated plasma levels of oxidized phospholipids which result in decreased activity of LCAT, PON1, and platelet-activating factor acetylhydrolase compared to controls.
Persegol et al. (38) reported that HDL from subjects with abdominal obesity was defective compared to normal HDL in counteracting the inhibitory effect of oxidized LDL on vascular relaxation.
Understanding the anti-inflammatory properties of HDL through apoA-I mimetic peptidesNavab et al. (39) reported that administration of an apoA-I mimetic peptide increased PON1 activity in apoE null mice, improved the anti-inflammatory properties of the HDL in these mice and improved reverse cholesterol transport from macrophages. The maximal plasma concentration of the apoA-I mimetic peptide in these mice was ~130 nM. In the studies of Bloedon et al. (22) the maximal plasma concentration was ~4 nM. The concentration of apoA-I in the plasma of the mice (39) and in the plasma of the humans (22) Table 1 (adapted from Table 1 in Van Lenten et al.) there was no significant difference in the binding affinity of the non-oxidized phospholipid PAPC for L-4F compared to full length human apoA-I. However, when PAPC was oxidized the binding affinity of the resulting oxidized phospholipids for L-4F was many orders of magnitude greater than for human apoA-I (Table 1) . Indeed, the binding affinity of PEIPC for L-4F was 5 million-fold greater than for full length human apoA-I.
As shown in Table 2 (adapted from Table 2 in Van Lenten et al.) L-4F and human apoA-I bound non oxidized fatty acids with equal high affinity. However, when arachidonic acid was oxidized to produce various fatty acid hydroperoxides (HPETE) or alcohols (HETE) or when linoleic acid was oxidized to produce various fatty acid hydroperoxides (HPODE) of alcohols (HODE), only L-4F continued to bind the oxidized lipids with high affinity. The remarkable difference in the binding affinity of oxidized lipids for 4F compared to human apoA-I provides an explanation as to how such small concentrations of an apoA-I mimetic peptide could change the anti-inflammatory properties of HDL when the concentration of apoA-I in the same plasma was many orders of magnitude greater. Since the 4F peptide renders dysfunctional HDL functional these data also are consistent with previous reports (36, 37) that oxidized lipids can render HDL dysfunctional. Abbreviations: PGPC, 1-palmitoyl-2-glutaroyl-sn-glycero-3-phosphorylcholine; POVPC, 1-palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-phosphorylcholine; PEIPC, 1-palmitoyl-2-(5,6-epoxyisoprostane E2)-sn-glycero-3-phosphorylcholine; KOdiA-PC, 1-palmitoyl-2-(5-keto-6-octene-dioyl)-sn-glycero-phosphatidylcholine. Adapted from Table 1 in reference 40. 
